Introduction
============

Celiac disease (CD) is a chronic immune-mediated disorder which is induced by the ingestion of gluten containing cereals in genetically predisposed subjects ([@B1]-[@B4]). It has been established that the HLA DQ2 and HLA DQ8 have a great role in the development of celiac disease ([@B5]-[@B7]). In addition, cells expressing DQ2 and DQ8 which show high affinity to gluten derived products, are present in the small intestinal mucosa of CD patients ([@B8]-[@B10]). Epidemiological studies showed that the frequency of DQ2-DQ8 among European populations with celiac disease is almost the same and DQ2 is predominant (more than 90%) ([@B11]-[@B15]). However, in non-European countries*,*different frequencies have been reported ([@B16]-[@B19]). The DQ8 frequency was estimated from 3 to 8% in different parts of Europe ([@B12]) and from 4.2 % in the USA to 43% in Argentina in non-European populations ([@B16], [@B20]). On the other hand, few studies evaluated the distribution of HLA DQ haplotypes in Iranian patients with CD ([@B21]). In the preliminary study, Rostami Nejad et al. reported that 97% of CD cases and 58% of controls were carriers of HLADQ2 and/or HLA DQ8 heterodimers, either in the homozygous or heterozygous state and afterward Zamani et al., confirmed these findings ([@B22]).

In the present study, we aimed to evaluate the frequency of HLADQ2 and/or HLA DQ8 among Iranian CD patients and compare DQ2 and DQ8 likelihood ratio in biopsy confirmed CD patients and healthy controls living in Tehran (the capital city of Iran).

Patients and Methods
====================

**Celiac group**

Patients with confirmed CD (n = 140, 93 females and 47 males, mean age 38.37 years) were referred to the Digestive Disease Research Center, Digestive Disease Research Institute, Tehran University of Medical Sciences. The CD patients were recruited over a period of 12-months from 2013 to 2014. The sample size was determined based on the previous study in Iran by Rostami-Nejad et al. ([@B21]) who showed the prevalence of homozygote HLA DQ2 in patients with Celiac disease is 27.1% and in the control group is 3.2%. Demographics, clinical and disease history were collected by checklist. Informed consent was obtained from each patient or patient's guardian prior to the study enrollment. According to the Marsh classification (Marsh I-III), all patients had positive tTGA and/or EMA antibodies and histology ([@B6]). The study was approved by the ethics review board of Digestive Disease Research Center, Digestive Disease Research Institute, Tehran University of Medical Sciences and complied with the Helsinki declaration.

**Control group**

A total of 151 healthy controls with no history of CD, GI disease, cancer or autoimmune diseases were selected from the National Blood Transfusion Organization of Iran. Then, healthy controls (78 females and 73 males, mean age 40.43 years) were matched by age.

**Sample collection and analysis**

Peripheral blood was collected in ethylene-diamino-tetra-acetic (EDTA) tubes and stored at -20^◦^C till further analysis. Genomic DNA was extracted from the whole blood using QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) and polymerase chain reaction (PCR). Amplification with sequence specific primers (SSP) was used to detect DQA1\*05, DQB1\*02 and DQB1\*0302 alleles using Olerup SSP™ PCR amplification kit (Genovision, Oslo). Samples were electrophoresed, stained with Sybr Green (Fluka Bio Chemica, Ronkonkoma, NY, USA), and photographed under the exposure to UV light (Bio-Rad). Carriers of DQA1\*05 and DQB1\*02 were marked HLA-DQ2-positive, and carriers of DQB1\*0302 were marked HLA-DQ8-positive

**Statistical analysis**

Data were analyzed using STATA (Version 11, Stata Corp, College Station, TX, USA) and SPSS softwares (version 15, SPSS Inc, Chicago, Illinois, USA). Data were presented as number and percentage (%) for categorical variables. Cross tabulation was performed to obtain the frequency of each allele among CD patients and control group. Comparing the independent proportion between two groups was performed by Pearson's chi square test. To find the relationship between two conditional variables such as celiac disease and gender, Cramer's Index was used. The Odds ratio was used to determine the association between groups (case- control) status and gender. Also the likelihood ratio was used for assessing the value of the diagnostic tests. The P value \<0.05 was considered statistically significant.

Results
=======

Characteristics of patient and control groups are summarized in [table 1](#T1){ref-type="table"}. The ethnic diversity of the CD patients included Fars (25.5%), Turk (14.2%), Gilakis/Mazandaranis (2.8%), Kurd (14.2%), Lur (4.3%), Torkman (1.4%) and Baluch (0.7%).

###### 

Characteristics of patient and control groups

  Group             Celiac group   Control group
  ----------------- -------------- ---------------
  Mean age(years)   38.37          40.43
       Male         47(39.2%)      73(60.8%)
       Female       93(59.4%)      78(45.6%)

HLA DQ2 and DQ8 were carried by 80% and 49% of CD patients, while the prevalence of these heterodimers in the control group was 36% and 25%, respectively. The frequency distribution of HLA DQ2 and DQ8 in patients with CD and control group is shown in [figure 1](#F1){ref-type="fig"}. The comparison of HLA DQ frequency in CD patients and the control group is demonstrated in [table 2](#T2){ref-type="table"}.

###### 

The comparison of HLA DQ frequency in CD patients and control group

  ---------------------------------------------------------------
  HLA classification   Celiac group\   Control group\   p-value
                       (N=140)         (N=151)          
  -------------------- --------------- ---------------- ---------
  DQ2                  66(47.1%)       1(40.4%)         0.001

  DQ8                  24(17.1 %)      21(13.9%)        

  DQ2/DQ8 Pos          45(32.1%)       8(5.30%)         

  DQ2/DQ8 Neg          5(3.6%)         61(40.4%)        
  ---------------------------------------------------------------

[Table 2](#T2){ref-type="table"} shows that, a significant difference has been detected between two groups in terms of HLA DQ8 and HLA DQ2 (P\<0.001). Based on this description, DQ2 and DQ8 haplotypes were

presented together in 96.4% of CD patients and 58.7% of controls. Cross tabulation analysis showed that, in a celiac group about one-third of patients (32.1%) were positive for carrying both DQ2 and DQ8 heterodimers.

A positive likelihood ratio of DQ2 and DQ8 were 1.74 (CI: 1.4- 2.1), and 2.6 (CI: 1.8-- 2.7), respectively. Similarly, the positive likelihood ratio of DQ2 and DQ8 together were 7.7 (CI: 4.0-15.0). The positive and negative likelihood ratio (LR) of HLA DQ haplotypes summarized in [table 3](#T3){ref-type="table"}.

The odds ratio for females with celiac disease was 1.19 (95% CI: 0.88- 1.61) in compared with female without CD. For males, the odds ratio was 0.64 (95% CI: 0.45-0.93).

###### 

The positive and negative likelihood ratio (LR) of HLA DQ haplotypes

  --------------------------------------------------------------------
                  Positive LR   95% CI       Negative LR   95% CI
  --------------- ------------- ------------ ------------- -----------
  HLA DQ2         1.74          1.43-2.11    0.38          0.26-0.54

  HLA DQ8         2.57          1.78-3.71    0.63          0.52-0.75

  HLA DQ2 -DQ8\   7.8           4.02-15.00   0.11          0.05-0.26
  Heterodimers                                             
  --------------------------------------------------------------------

###### 

The risk of celiac disease in male and female

  sex      Celiac group   Control group   odds   95%CI       p-value
  -------- -------------- --------------- ------ ----------- ---------
  male     47(39.2%)      73(60.8%)       0.64   0.45-0.93   P\<0.01
  female   93(59.4%)      78(45.6%)       1.19   0.88-1.61   
  total    140            151                                
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The prevalence of celiac was statistically significant different by sex (F/M=2; P\<0.01). The risk of celiac disease in male and female is shown in [table 4](#T4){ref-type="table"}. Based on DQ2-DQ8 variables, the statistical power of this study (1-β) is calculated 99%. [Table 5](#T5){ref-type="table"} showed the distribution of HLA genotype based on the ethnicity in Iranian patients with CD.

Discussion
==========

The results of this study showed that 79.3% and 49.3% of CD patients were positive for carrying both DQ2 and DQ8 haplotypes, respectively. Moreover, 32% of CD patients shared both haplotypes ([Figure 1](#F1){ref-type="fig"}). Previous studies estimated that the prevalence of celiac disease in Iranian population is about 1% ([@B23]- [@B25]). However, a few data are available on the frequency of HLA-related CD predisposing genes in Iranian CD patients.

Our result is compatible with worldwide studies, which showed that the DQ2 and DQ8 are the most important haplotypes in celiac disease ([@B16]-[@B19]). However, the frequency of these alleles is in diverse in different populations.

Results from European studies showed that around 86 to 93% of CD patients are positive for carrying DQ2 variants, while the minority of them is DQ8 positive (26-28). However, two Italian studies reported that 80.8% of CD patients were positive for carrying HLA-DQ2 variants ([@B5],[@B29]). Therefore, the frequency of HLD-DQ2 in our study is different from those reported by Northern European (Scandinavian probands, UK) studies and is similar to those observed in Southern European populations (France and Italy) ([@B27]-[@B28]).

The frequency of HLA-DQ8 in our celiac patients was 49.3%. In consistent to our study, the high frequency of DQ8 has also been reported in American Indians (25.3%), South America (28.3%), Middle East (22%) and Bushman (30%) ([@B30]). In this regard, the highest DQ8 frequency has been reported by a study conducted in Argentina (43.2%) ([@B20]).

In the previous studies in Iran, the same frequency of CD-related HLA-DQ heterodimers for celiac patients was reported. In the first study by Rostami-Nejad et al. ([@B21]), 83.03% of cases and 35.09% of controls were positive for carrying HLA-DQ2 heterodimer. Our study also expresses similar frequency of HLA-DQ2 genotype. In addition, the present study confirms the previous Iranian findings which show that the frequency of HLA DQ8 in the Iranian CD patients is high ([@B21]).

###### 

Distribution of HLA genotype based on ethnicity in Iranian CD patients

  HLA DQ classification                                                 
  ----------------------- --------- ----------- ----------- ----------- -----------
  Ethnicity               DQX/DQX   DQ2/DQ8     DQ8/DQX     DQ2/DQX     TOTAL
  Fars                    1(0.7%)   16(11.3)    6(4.3%)     13(9.2%)    36(25.5%)
  Kurd                    0         6(4.3%)     6(4.3%)     8(5.7%)     20(14.2%)
  Lur                     0         2(1.4%)     1(0.7%)     3(2.1%)     6(4.3%)
  Turk                    0         6(4.3%)     4(2.8%)     10(7.1%)    20(14.2%)
  Baluch                  0         1(0.7%)     0           0           1(0.7%)
  Torkman                 0         0           0           2(1.4%)     2(1.4%
  Gilakis                 0         1(0.7%)     0           0           1(0.7%)
  Mazandaranis            0         0           1(0.7%)     2(1.4%)     3(2.1%)
  Afghani                 0         1(0.7%)     1(0.7%)     0           2(1.4%)
  Unknown                 4(2.8%)   12(8.5%)    5(3.5%)     29(20.6%)   50(35.5%)
  Total                   5(3.5%)   45(31.9%)   24(17.0%)   67(47.5%)   141(100%)

Our study population was originated from Tehran, the capital of Iran and populated by people from different origin and ethnicity. Different ethnicities, including Turk, Gilakis/Mazandaranis, Kurd, Lur, and Baluch's are living in Tehran, but the population of Persian ethnicity is predominant. Many studies support the role of ethnicity and genetic background as an important factor in the distribution of CD-related HLA-DQ alleles ([@B31]). Thus, the higher frequency of DQ8 reported by this study may be due to the ethnic diversity of our study patients.

We also used likelihood ratio (LR) as a measure of diagnostic accuracy to evaluate the strength of HLADQ typing for diagnosis of celiac disease in our clinical setting ([@B32]). Our result showed that positive and the negative LR for both DQ2-DQ8 genetic tests were 7.8 and 0.11, respectively. According to Guyatt et al. ([@B33]) a positive LR greater than \~2 or a negative LR less than \~0.5 is indicative of a useful test. Thus, DQ2 and DQ8 together are useful genetic markers for confirming (positive LR 7.76, 95% CI 1.92 to 16.10) and excluding (negative LR 0.11, 95% CI 0.06 to 0.37) the celiac diagnosis in our clinical setting ([Table 3](#T3){ref-type="table"}).

With regard to gender differences, our findings showed women have a slightly greater risk of developing the celiac disease than men. Additionally, an increased prevalence of CD among women has been observed. These findings are also consistent with studies, which showed that CD occurs more often in female than in male with a gender ratio of about 2:1 ([@B34]-[@B36]).

The main limitation of this survey is that the ethnicity of 50 out of 140 patients are not exactly specified.T he second limitation was that, apart from DQA1\*05 and DQB1\*02, the other predisposing HLA-DQ2 alleles have not been identified in this project. These undetected alleles were classified as DQX haplotype in this study.

Finally, we concluded that the frequency of DQ8 among Iranian CD patients is much higher than in those reported by European population and is in agreement with findings in South America and Middle East. According to differences and similarities of findings in different regions, performing a multicenter study may be useful to draw a map of HLA DQ typing. Additionally, the high likelihood ratio (LR\>7) of both HLA DQ2 and DQ8 indicated that these genetic markers could be used to rule out the celiac disease in Iranian population.
